We developed an algorithm for surgical management and placement of penile prostheses in patients with erectile failure (ED) and Peyronie's disease (PD). We identi®ed 46 men ages 40 to 77 y with PD who could not attain an adequate erection with sexual stimulation and pharmacotherapy. All men were candidates for penile straightening and in¯atable prosthesis placement using the following algorithm. Manual molding was attempted initially, followed by tunica incision for insuf®cient straightening. For tunical defects greater than 2 cm, polytetra¯uoroethylene (PTFE) patch grafting was performed to prevent prosthesis cylinder herniation and recurrent deformity from cicatrix contraction. Mean preoperative penile curvature was 53 degrees (0 ± 90). Prosthesis implantation with manual molding, implant with plaque incision, and implant with plaque incision and PTFE grafting were successfully accomplished in 25 (54%), 12 (26%), and nine (20)% respectively. Mean follow-up was 39 months (range 1 ± 74). Full erectile capacity with a straight phallus was achieved in all patients. Complications included temporary (`8 months) decreased penile sensation in four (9%), mild (`2 cm) penile shortening in three (7%), delayed ejaculation in one (2%), and infection requiring explanation in one diabetic male (2%). All of the implanted prostheses provided satisfactory rigidity with no mechanical failures or recurrent curvature.
Introduction
Described in 1743 by de la Peyronie, Peyronie's disease (PD) is believed to represent an inappropriate response to wound healing after traumatic injury to the erect penis. 1,2 Peyronie's disease can cause dif®culty with coitus as a result of penile curvature, and, after failed conservative management, these men may be offered corrective surgical procedures. Erectile dysfunction (ED) has been reported to occur in up to 83% of men presenting with PD. 3 These men may experience erectile insuffuciency through various mechanisms ranging from venoocclusive dysfunction andaor arterial insuf®ciency to psychogenic causes. 4 ± 6 Men with PD and erectile failure may undergo penile prosthesis placement, and concomitant penile straightening procedures may be necessary for the best cosmetic and functional result. An example is manual molding over the prosthesis, as described by Wilson and Delk. 7 Plaque incision can also be performed to release tethering caused by scarring, and this can be followed by grafting when necessary to prevent prosthesis herniation and recurrent curvature whilst providing an optimal cosmetic result. 8 ± 10 We recognize that not all patients with PD present alike with respect to the nature and extent of deformity, and, when conservative therapy fails, surgical management may be indicated for those men interested in resuming sexual intercourse who otherwise could not because of their deformity. Our previously presented surgical algorithm dealt broadly with the preferred surgical approach depending on both deformity and rigidity issues. 10 This report focuses primarily on our experience and surgical approach to men who have pharmacoresistant erectile failure and PD. To these patients, a surgical algorithm was applied in the hope that the least invasive procedure would provide the most satisfactory outcome.
Materials and methods

Patient characteristics
We identi®ed 46 men ages 40 ± 77 y with PD who, upon questioning, indicated that their penile rigidity obtained during sexual stimulation was inadequate for intromission. Initially, a detailed history and physical examination was performed, and patients completed a sexual questionnaire. The location and dimensions of the plaque, presence of calci®cation, degree of penile curvature when erect, and erectile response were all carefully examined during dynamic color Doppler ultrasound. Our technique has already been described, but brie¯y consists of intracorporeal injection with 60 mg of papaverine to evaluate penile vascular integrity and erectile response. 6 If inadequate erection occurred, repeat injection with 30 ± 60 mg papaverine was done to obtain maximal erectile response. All patients in this study described poor erectile response to sexual stimuli and had an inadequate erectile response to intracorporeal papaverine as assessed by both the patient and a trained Doppler ultrasound technician.
Surgical procedure
All patients were candidates for penile straightening and prosthesis placement, and the following surgical algorithm was developed and employed. Penile prosthesis placement was performed followed by a trial of manual modeling. If there was insuf®cient straightening ( b 30 degrees residual curvature), tunical incision in the area of maximal curvature was next perfromed. Then, PTFE (GoreTex-W.L. Gore and Associates, Pheonix, AZ) grafting was done if the tunical defect was larger than 2 cm in the longitudinal axis of the penis. The algorithm was applied prospectively to a total of 46 men with poor preoperative rigidity from July 1991 to June 1998. Prosthesis insertion through a standard vertical penoscrotal incision at the scrotal raphe was performed initially. Upon closure of the corporotomies, full cylinder in¯ation was performed, and the pump tubing was occluded with a shodded (atraumatic) clamp. Manual molding was then attempted by bending the penis in the opposite direction to the curvature and holding in place for 30 ± 90 s according to the approach of Wilson and Delk. 7 This procedure should be repeated until adequate straightening is achieved (`30 degree curvature).
If unsuccessful after several attempts, tunical incision was performed. This was approached through the original penoscrotal incision if possible; otherwise the penis was carefully degloved to Buck's fascia following a circumcising incision. Degloving should only be taken to the level of maximal penile curvature to avoid unnecessary trauma. Next, the neurovascular bundle was elevated to expose the scarred tunica albuginea, or the urethra was elevated approximately 3 cm to allow exposure to the tunica without excessive dissection in the urethral bed. When an AMS prosthesis was employed (CX 700, Ambicor, or Dyna¯ex ± American Medical Systems, Minnetonka, MN), the device was left in the maximally in¯ated condition, and the tunica albuginea was incised transversely with cautery current to expose the underlying corpora cavernosa tissue. When a Mentor device was used, the prosthesis was left de¯ated and protected during tunical incision, and the incision was made with the Bovie unit in cautery mode with no more than 35 W. Care was taken to avoid exposure of the prosthesis to reduce injury and to separate it from the open tunical defect. The incision was advanced as far radially as necessary to obtain full straightening. Occasionally, gentle manual molding helped in the straightening process.
If the tunical defect was more than 2 cm in length (measured along the long axis of the shaft), then a GoreTex patch was applied. The defect was carefully measured, and oftentimes was noted to have an irregular con®guration, necessitating creation of a cutout template. A 1 mm GoreTex soft tissue patch was then con®gured to the defect and sutured to the tunica albuginea using GoreTex CV-2 suture (WL Gore and Associates, Phoenix, AZ). This structure material is strong, permanent, and soft, and has not been found to be cosmetically distracting. The prosthesis cylinders are de¯ated and protected throughout the grafting procedure. The defect in Buck's fascia was then carefully reapproximated over the open, patched tunica albuginea with running 4-0 chromic, and the prosthesis was left 50 ± 75% in¯ated to further encourage proper molding of the shaft in the postoperative period.
Bleeding through a tunical defect is usually well controlled by simply keeping the prosthesis partially in¯ated. If persistent bleeding is noticed, regardless of the tunical defect size, GoreTex patch grafting is recommended to reduce the risk of hematoma formation andaor infection.
The remainder of the procedure employs standard prosthesis placement techniques. Copious antibiotic irrigation is recommended throughout the procedure. Our preference is separate irrigations of kanamycin (1 gal normal saline) and rifampin (300 mgal normal saline). No drain was left, and the Foley catheter may be left in place until the following morning or removed. No external penile compression dressing was used. A lint dressing was placed over the scrotum and secured with mesh pants. The patient was maintained in the hospital for 23 h allowing additional observation and intraPenile prosthesis placement and Peyronie's disease LA Levine and RJ Dimitriou venous antibiotic administration. Postoperatively, it is recommended to position the phallus in a cephalad direction to further encourage molding and reduce edema. Oral antibiotics, typically cephalexin 500 mg twice a day for 14 days should be used if not contraindicated by medication allergies. We recommend no tub bathing or wound submersion for four weeks; the ®rst shower may be taken on the third postoperative day. The device is left in the partially-in¯ated condition for six weeks before initiating a twice daily in¯ationade¯ation schedule for one month. When the patient is comfortable and all wounds are fully healed, coitus may resume.
Results Table 1 summarizes the postoperative results in this patient population. Twenty-®ve (54%) men underwent prosthesis implantation with manual molding, 12 (28%) required plaque incision, and nine (18%) required incision with GoreTex graft to achieve adequate straightening. Mean followup time was 39 months (range 1 ± 74). The mean patient age was 55 y (range 40 ± 77), and the mean preoperative curvature was 53 degrees (range 0 ± 90). Full functional erectile capacity was achieved in all patients. Prosthesis device selection included 26 CX700, 17 Ambicor, 2 Dyna¯ex, and 1 Alpha-1. Based on prior surgical experience, we prefer prostheses with high-pressure cylinders to ensure adequate straightening and rigidity. In addition, these devices have intrinsic cylinder wall rigidity characteristics making them less likely to conform to residual irregularities in the abnormal tunica inherent in these patients. Therefore, we have elected not to use the AMS Ultrex device.
Almost all deformities less than 60 degrees required manual molding alone. One 64 y old man with a 45 degree dorsolateral curvature required plaque incision. Three patients (7%) complained of temporary (less than eight months) decreased penile sensation. One of these men was an insulindependent diabetic, while the others were 64 and 66 y of age. Three men (7%) were found to have less than 2 cm measured penile shortening following prosthesis placement as compared to preoperative stretched penile length, which was not felt to be signi®cant by these men. Delayed ejaculation was noted in one man (2%) who was referred to our clinic after experiencing recurrent curvature following a prior penile straightening procedure. Prosthesis infection requiring explanation of one Dyna¯ex cylinder was performed in a diabetic male with a history of poor control of his diabetes due to thè brittle' nature of his disease. He remains sexually functional with a single Dyna¯ex cylinder. During the followup period, there have been no mechanical failures or recurrent curvatures.
Discussion
The algorithm describes a conservative surgical approach that performs the least invasive procedure that will effectively correct the deformity. Preoperative Duplex ultrasound after vasodilator injection is an integral part of our evaluation. Apart from determining the erectile response and presenting an opportunity to evaluate the penile deformity if a full erection occurs, it can also help de®ne the nature and relative degree of penile vascular compromise contributing to the patients' ED.
Most of the prosthetic devices used in this report have controlled expansion type cylinders that undergo girth expansion only, providing suf®cient axial rigidity to preserve straightness. Prior experience with the Ultrex type device indicated that intrinsic axial rigidity of these prostheses is not suited for men with PD and erectile failure. Firstly, it does not provide an adequately rigid cylinder to accomplish manual molding intraoperatively. Furthermore, the softer wall characteristics tend to make this device conform to its tunical container, and, therefore, it may develop deformities associated with irregularities within the tunica albuginea. Also, this device has a greater tendency to herniate through small tunical defects, further weakening the device and creating a buckling weakness in the shaft.
In reviewing the literature on prosthesis placement in the treatment of PD the earliest papers appeared in the late 1970s, with Raz and associates 11 ®rst reporting on their experience with implantation of the semirigid Small-Carrion prosthesis in 12 men, with or without plaque incision. With up to 2 y of follow-up, 11 of the men (92%) reported satisfactory resumption of intercourse, with prosthesis infection resulting in explanation of the device in one patient. Their recommendation was to reserve implantation of prostheses in men with PD until at least 1 y of conservative treatment has failed. Of note, they also implanted devices in 12 have reported on their experience of implanting both in¯atable and semirigid prostheses in 16 men with PD who, being unresponsive to medical management, had erectile failure. Their results were based on up to 30 months of follow-up, reporting good cosmesis and function in all men. Complications included distal penile pain (resolved in 20 weeks) in one patient with a semirigid device, and glanular paresthesias in two men with in¯atable devices which resolved in three months. No infections or erosions were reported.
In 1984, Subrini 13 described a larger investigation with 69 men receiving semirigid rods with or without plaque surgery through either a circumcising or prepubic incision. Curvature was corrected in all patients. The major complications were infection requiring explanation in four men, glanular malposition in one, and insuf®cient penile girth in three. They noted an 81% patient satisfaction rate. Follow-up duration was not given.
The long-term follow-up of malleable prostheses in men with PD has been described by Montorsi and colleagues. 14 In their report, they describe a 5-y follow-up of 48 men who received a Finney semirigid prosthesis without plaque surgery. Operative complications were noted in three (6%), and, after 5 y, 44 (92%) were engaging in intercourse, with only 23 (44%) reporting complete satisfaction. Of the 25 (52%) of men dissatis®ed with the implant, 11 (24%) reported absence of accessory natural erection, six (12%) reported penile deformity, four (8%) were unhappy with the poor concealment of the implants. All of the dissatis®ed men reported worse orgasm compared with their preoperative state. Also in this review, 29 partners were interviewed, with only 12 (40%) reporting complete satisfaction with the quality of their partners' erections and their own orgasmic sensation. The remaining 17 (60%) reported dissatisfaction for various reasons including insuf®cient girth,`coldness' sensation of the glans, unnatural sensation due to the device, and dyspareunia. This report underscores the ®nding that even though the majority of these men were engaging in sexual intercourse with a suf®ciently rigid penis, this did not necessarily imply patient and partner satisfaction.
Recently, another report analyzed the nonin¯a-table experience by Ghanem and associates 15 who followed 20 patients for 1 y postoperatively, 16 (80%) of which returned for follow-up. Devices were implanted without further attempt at surgical straightening. At 1 y, all patients had engaged in intercourse successfully, four (25%) complained of penile curvature, speci®cally deviation of the glans. None of the men chose to undergo further corrective surgery for this problem. Also, there were no reports of dissatisfaction regarding decreased rigidity or concealment problems in this small series. The authors noted the major advantage of malleable prosthesis use in these patients was the rapidity and ease of insertion without the need for further plaque surgery. The extent of penile deformity was not reported in this study.
Knoll and associates 16 reported on their series of 67 men receiving an in¯atable AMS prosthesis, either for straightening purposes only or for erectile failure. Plaque incision was carried out when indicated, with or without GoreTex patch grafting. Follow-up was limited as only patients who reported complications were re-evaluated. Complications included infection in six men (9%), and component failure in two men. At the time of publication, 63 (94%) of the patients had functioning devices.
Eigner and colleagues 17 published their experience with 35 patients undergoing placement of either semirigid (26) or in¯atable (nine) units in 1991. Eighteen (51%) of patients had little or no erectile response preoperatively, with the remaining patients having severe curvature preventing satisfactory intercourse. Only 27 patients (77%) were available for follow-up at the mean time of 6.9 y, with 21 (88%) reporting satisfaction with their devices. There was a 2.9% infection rate and a 55% mechanical failure rate in the multicomponent in¯atable devices.
In 1994, Wilson and Delk 7 described the technique of manual molding of the penis over an in¯atable prosthesis. They described successful straightening in 118 of 138 patients (86%) using the technique alone, whereas 11 patients (8%) required further plaque surgery to achieve adequate straightening. Mean follow-up was 32 months. Four patients (3%) had prosthesis infections, and another 3% had urethral perforations. None of the men reported loss of sensation or penile shortening, and 90% reported continued use of the devices at the time of publication. Although the majority of patients undergoing manual molding will have correction of curvature either at the time of surgery or with passage of time, we elect to perform plaque incision, if needed, at the time of prosthesis placement in order to ensure complete correction and thereby prevent recurrent or persistent curvature.
In another series reported by Montorsi and colleagues, 18 33 men with PD and impotence underwent placement of CX700 prostheses, with 13 (40%) having additional plaque surgery. After six weeks, 23 (70%) of patients had complete penile straightening, and all patients reported having satisfactory penile rigidity. At a mean followup of 17 months, 23 patients (70%) were evaluated and all were engaging in intercourse with the prosthesis. Five patients (21%) and three of 13 partners (25%) were not completely satis®ed with the devices.
We have elected to use a PTFE graft, when patch grafting is indicated, for several reasons. First of all, it is a strong yet soft patch which is neither cosmetically disturbing nor readily palpable. Also, reliance on`graft take' is unnecessary when using such a material. Furthermore, there is a reduced risk of infection as compared to dermal grafts, where bacteria may be transferred with the graft. In a recent personal communication, E. Austoni provided follow-up data on men who had undergone Peyronie's plaque surgery with dermal graft placement and prosthesis implantation. Of 162 patients, eight (5%) had`late severe' infections requiring device removal, which was attributed to the presence of piliferous bulbs and cutaneous adnexa in dermal grafts that may contain staphylococci. Lastly, when synthetic grafts are used, one avoids making secondary incisions or extending surgical lines in harvesting an autologous graft.
We believe that our experience compares favorably with other reported series. In our patient population, insertion of the prosthesis with corporal dilation and manual molding was suf®cient to achieve straightening in the majority of men. A low rate of morbidity and excellent functional and cosmetic results were obtained in nearly all patients using this surgical algorithm.
